T wenty complex tibial deformities due to anterior poliomyelitis in 18 patients were corrected by a modified O'Donoghue osteotomy. This technique allowed correction of the deformity in three planes. This was achieved by widening the rectangular window distally to correct both rotation and valgus and by trimming the anterior edges of the step cuts to correct flexion deformity. An above-knee cast was applied for eight to 13 weeks and the patients followed up for a mean of 3.2 years. One of the 18 patients developed delayed union because of fracture of the medial limb of the step cut. The results showed excellent correction of the three-plane deformity and there was no recurrence.
Since there are one million untreated patients with this condition in the tropics and subtropics, the late sequelae are still common and remain an important indication for surgery. 3, 4 Valgus angulation, anterior or posterior tilting of the proximal articular surface and torsion are the most frequent deformities seen. 2 In 1940, O'Donoghue 5 described a technique for controlled rotation osteotomy of the tibia, in which a rectangle of bone was removed from the anteromedial surface followed by appropriate transverse proximal and distal cuts to allow rotation without loss of soft-tissue continuity.
Experience with this osteotomy which was modified to correct angular as well as rotational deformity, is reviewed.
Patients and Methods
Eighteen patients with 20 tibial malformations were treated using a modified O'Donoghue technique. 5 All the patients had a lateral torsional deformity. Angular malalignment was present in 19 tibiae of which three were in valgus, five in flexion and the remaining 11 had combined flexion and valgus deformities (Table I ). All the patients had suffered from poliomyelitis. There were seven men and 11 women. Their ages at operation ranged from ten to 21 years. Nine osteotomies were undertaken on the right, seven on the left and two bilaterally. The thigh-foot angle was used to measure the tibial torsional deformity before and after operation. This is the angle formed between the longitudinal axis of the foot and that of the thigh with the patient prone and the knee flexed to 90° with the foot and ankle in the neutral position. 6 In the presence of a deformity of the ankle or the foot, an alternative method of determining tibial torsion was used. With the patient supine the angle between a line at 90° to the plane of the patella and the transmalleolar axis of the ankle was measured. Preoperative lateral tibial torsion ranged from 50° to 90° (mean 75°).
Angular deformity was determined both clinically and radiologically.
The recommendation of Maquet 7 was followed to achieve the desired correction, which is the normal mechanical angle plus 1° to 3° for valgus malalignment. For a flexion deformity, the desired correction is to 0° of flexion plus 5° in patients with poliomyelitis. The preoperative deformity ranged from 10° to 25° (mean 18) for valgus deformities and from 5° to 20° (mean 12) for those in flexion (Table I) . Operative techniques. Under a tourniquet, a longitudinal incision 6 to 8 cm in length is made over the anteromedial surface of the tibia, starting about 2 cm distal to the tibial tuberosity. The periosteum is incised in the shape of an 'I' and elevated all around the tibia. Using an oscillating saw, a window about 3 to 5 cm long by 1 cm wide is cut in the anteromedial surface. The bone is removed and two drill holes for sutures made in each side of the window. Transverse cuts are then made through the lateral half of the bone proximally and the medial half distally. The posterior ends of these cuts are connected by a longitudinal cut through the posterior cortex. The lateral torsional deformity is corrected by rotating the distal tibia medially, thereby closing the anterior defect (Fig. 1A) . When a valgus deformity is present, the window should be wider distally than proximally. This is achieved by removing a triangular piece of bone from the proximal limb with its base distal. Closure will then correct both torsional and valgus deformities (Fig. 1B) . When a flexion deformity is present, the anterior corners of the proximal and distal cut ends are trimmed to correct flexion as well as the other deformities when the window is closed (Fig. 1C) . No patient required a fibular osteotomy. Fixation is achieved using heavy Dexon sutures passed through the predrilled holes. The periosteum One  1  80  --Two  3  50 to 80  10 to 20  5  55 to 75  -5 to 15  Three  11  60 to 90  12 to is closed and the subcutaneous tissues and skin are sutured. A long-leg cast is applied. Postoperative management. On the third postoperative day, patients were allowed to walk with crutches and minimal weight-bearing. Three patients with severe muscle weakness were unable to manage this. Anteroposterior and lateral radiographs of the tibia were taken early after operation and at follow-up. The cast was removed when satisfactory union had occurred.
Since it was difficult to assess the results by conventional functional scores, the success of treatment was recorded in the three planes, with or without complications. The results were considered excellent if full realignment was achieved with no major complications, good if this was obtained in two planes, fair if in only one plane and poor if no improvement was present or there were major complications.
A major complication was defined as one which persisted after the end of treatment and required further treatment.
Results
All patients achieved bony union within eight to 13 weeks. After a mean follow-up of 3.2 years (2 to 4) the results were excellent in all patients with correction of the deformity in all three planes. There was no recurrence of malalignment.
In one patient the medial limb of the step cut fractured. The position was satisfactorily maintained in a cast and healing occurred in 12 weeks. One patient had a wound infection which settled with aggressive local wound care and antibiotics. There were no nerve or vascular complications.
Discussion
The rotational osteotomy of the tibia described by O'Donoghue was designed to correct the lateral rotation deformity of the tibia seen in poliomyelitis and the medial rotation which occurs in club foot. 3 The cause of the deformity in the patients in this series was poliomyelitis. The operation is simple. It does not require internal fixation and therefore a second procedure to remove the metal is not necessary. There is no need for a fibular osteotomy and the intact fibula adds to stability. The graft obtained during the osteotomy can be used for a simultaneous Grice-Green subtalar arthrodesis when this is indicated. 3 This modification of the O'Donoghue technique allows correction of a tibial deformity in three planes. Many techniques for osteotomy of a long bone have been described. Among these are the match-stick osteotomy, orangepeel osteotomy, or osteotomy with a round distal fragment. These procedures can be technically demanding, induce weakening of a large segment of the bone or leave only a small contact area between the fragments.
Recently, the use of the Ilizarov apparatus has become popular. This allows correction of torsional and angular deformities. It also enables a short limb to be lengthened at the same time. 8 The apparatus can be extended so that correction of deformity of the foot can be combined with leg lengthening. It has the disadvantages that it is bulky and the management is complex. 9 Its use is recommended only when considerable shortening is present or major angular deformity requires gradual correction. Valgus angulation of the femur of 10° to 16° can be compensated for by proximal tibial osteotomy. More severe angulation must be corrected by femoral osteotomy. The proximal tibial osteotomy will produce obliquity of the tibial surface at least equal to the correction. 10 In the patients in this series, the angular deformity was mainly tibial and the femoral angulation less than 10°. Tibial torsion can be corrected by either distal or proximal osteotomy. Proximal tibial osteotomy was preferred, because in this area the fragments are less likely to displace and union is more rapid. When torsion was associated with valgus angulation, the osteotomy was made at the apex of the angulation or as near as possible to this.
There was no recurrence of lateral torsional or angular deformity in the patients during follow-up. This was probably due to the correction of muscle imbalance before tibial osteotomy by a Yount operation in three patients, lengthening of the biceps femoris in four and posterior release operations in 13. Asirvatham et al 3 reported three cases of recurrence in their series. The modified O'Donoghue technique is a safe and simple procedure for the correction of complex tibial deformity. It cannot correct shortening.
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